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1The goal of an engineered operating cycle (3OC) -orogram is to effect

an early improvement in the material condition of ships at an acceptable
- cost, while maintaining or increasing their operational availability during
Ian extended operating cycle. In support of this goal, system engineering

analyses (SEAs) are being conducted for various ship classes on selected
mission-critical systems and subsystems that have historically exhibited
relatively high maintenance burdens. This report documents the SEA for the
Air Conditioning, Heating, and Ventilation Systems installed on LHA-1 and
LPH-2 Class ships.

The SEA is an analysis of the impact of historical preventive and cor-
rective maintenance requirements that affect the operational performance
and maintenance programs of a ship system and the significance of these
requirements to an EOC program. The report documents a recommended system
maintenance policy and specific maintenance actions best suited to meeting
EOC goals.

This report was developed for PERA (ASC) under Delivery Order FJ-07 of
Navy Contract N00189-81-D-0126.

The major findings and conclusions of the SEA for LHA-1 and LPH-2 Class
Air Conditioning, Heating, and Ventilation Systems are sunmarized as follows:

On the basis of a review of part-replacement rates, historical man-
hour burdens, and CASEEPs, the air conditioning system equipments,
including compressors and pumps and their associated drivers, are
considered reliable equipments.
Given adequate time and replacement parts, ship's force is capable

of most air conditioning system repairs, including major overhaul.

* Wearout of system components, including compressors and pimps and
their associated drivers, is primarily a function of ship opera-
tions and the care with which the system is maintained. Conese-
quently, equipment wearout varies from ship to ship and even between
installations within the same ship and therefore cannot be accu-
rately predicted.
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Catastrophic failure of an air conditioning plant does not normally
result in degraded air conditioning output, since in most operatingenvironments not all of the air conditioning plants are required toL
be on line to meet all cooling requirements.

The most frequent failure modes associated with the motors of the L
compressors and chilled water and salt water circulating pumps were
bearing failure and stator winding failure. Bearing replacement is
within ship's force capability, while repair of failed stator wind-
ings for motors larger than about 25 horsepower frequently requires [
IMA assistance to rewind, dip, and bake the motors. Both failure
modes can usually be prevented prior to failure by monitoring noise
and vibration levels and by performing P14S checks,

" Routine overhaul of properly operating equipment is not recomended,
since it has been demonstrated that overhaul is no guarantee :gainst [
subsequent failure.

" The current maintenance strategy for the air conditioning system
equipments is to perform PHS and routinely overhaul at the time of
ship ROH. L

" Most depot-level repair work associated with the heating and venti-
lation systems is similar tc the work normally performed by ship's I
force and IMAs. It consists of general system repairs to many dif-|
ferent equipments throughout the system: repairs to heaters, pre-
heaters, and reheaters; replacement of corroded or broken vent
screens; repairs to various ventilation motors; and repair or I
replacement of ducting and lagging.

" Current main*, nance strategy for the heating and ventilation system
equipment is one of on-condition maintenance. Repairs needed during I
the operatirg cycle are made by ship's force with occasional INA
assistance. CSMP and POT&I deficiencies are corrected during ROH
by ship's force with INA and shipyard assistance as necessary.

L
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1.1.1 BAC-GROUND

System engineering analyses (SEAs) are being conducted on selected
systems and subsystem of designated ships of the Amphibious Force in
support of an engineered operating cycle (1OC) program. The SEA is an
analysis of the impact of historical preventive and corrective maintenance
requirements that affect the operational performance and maintenance pro-
gras of a ship system. It serves as a vehicle for assessing the signifi-
cance of these maintenance requirements to an DOC program. The objective
of a SBA is to define and document a maintenance program that will prevent
or minimize the need for unscheduled maintenance, while improving material
condition and maintaining or increasing system availability throughout
an engineered operating cycle.

1.2 SCOPE

The analysis documented herein is specifically applicable to the Air
Conditioning, Heating, and Ventilation Systems -- ship's work authorization
boundary (SWAB) groups 511-1, 512-1, 513-1, 514-1, 514-2, and 514-3 --
installed on LHA-l and LPS-2 Class ships. The analysis considers only
the systems and equipments installed and the documentation effective as
of 22 April 1981. This system was selected for analysis by PEA (ABC)
on the basis of its mission criticality and historical maintenance burden.

The analysis used all available documented data sources from which
system maintenance requirements could be identified and studied. These
included the maintenance data system (ND), casualty reports (CASD'),
planned maintenance system (PHS) requirements, ship alteration and repair
packages (BAUPs), system alteration information, system technical manuals,
ship corrosion-control manuals, and Engineered Operating Cycle (DOC) system
maintenance analyses (SiAs) previously conducted for functionally similar
systems and equipments installed on DOC program ships. Soarces of undocu-
mented data used in this analysis included discussions with ships' operating
personnel and cognizant Navy technical personnel.

1-1



1. 3MLK
The following chapters describe the analysis approach (Chapter Two), L

present the significant system maintenance experience and essential mainte-
nance requirements (Chapter Three), and sumarise the conclusions and
recomendations derived from the analysis (Chapter Your). Appendix A
defines the system boundaries used in conducting this analysis, and Appendix L.
B lists the specific components that constitute the air conditioning systems
installed on individual ships of the LmI-2 and IA-i Classes. Appendix
C provides sumary shipalt information for two shipalts affecting LnI-
2 Class installation configuratLons. Appendix D provides ISS part data
on selected parts of the air conditioning system equipments. Appendix
3 presents corrosion-control information applicable to selected equipments
of the air conditioning, heating, and ventilation systems. Appendix 7
is a list of the sources of information used in performing this analysis.
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APPROACH

2.1 OVERVIEW

This chapter describes the approach followed in performing the SER
for the air conditioning, heating, and ventilation systems installed on
LEA-1 and LPE-2 Class ships. These systems were selected for analysis
by PlEA (ABC) on the basis of their mission criticality and historical
maintenance burden. Data from sources mentioned in Section 1.2 were used
to identify, define, and analyze maintenance requirements that will signifi-
cantly affect the systems' operational availability and material condition.
A recoimended maintenance strategy and implementation procedures were formu-
lated on the basis of the analysis results. The major steps of the analysis
were as follows:

• Task l Compile data and prepere maintenance history profile

. Task 21 Analyze problems and causes

0 Task 3: Analyze solutions to problems

. Task 4: Document SEA results

The following sections briefly describe each of the major tasks.

2.2 TASK 1: CONPILE DATA AND PREPARE AINTENANCE HISTORY PRFILE

During Task 1, the configuration, boundaries, and functions of the
system were defined, maintenance, engineering, and operating data were
collected; and the maintenance history profile was prepared, describing

( the corrective maintenance historically performed. These items provided
basic reference data for the remaining SBA tasks.

2.2.1 Collect Data

The analysis began with the collection of data on the historical mainte-
nance requirements of each system. The resulting data file consisted of
four key elementst an bNS data bank, a CASRSP narrative susmary, a current
equipsent configuration sumeary, and a smiary of historical maintenance
requirements. A library was also asseibled from appropriate technical

2-1
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I
manuals, PM requirements, SliPs, and copies of previously completed analy-
.se of functionally similar equipments installed on SOC progran ships.

The ND8 data bank was compiled by examining all WDS data reported
free May 1976 through June 1981 for Bulls LUR-i through 13-5, and I January
1971 through March 1981 for Bulls LP1-2, LPN-3, 1-7, 1-9, 1.1-10, LPN-
11, and L3-12 (a total of 12 ships).

CNR= information was obtained by reviewing the CUR33s reported
on each ship's system during the period of 1 January 1976 through 22 April
1981 for LHA-i Class ships and 1 January 1978 through 22 April 1981 for
L1H-2 Class ships. CASR1Ps resulting from parts cannibalization of equip-
ments by other ships were not considered.

2.2.2 Define System Configuration I

Configuration information was obtained by reviewing available €cftL
configuration class lists (CCCL), the type camiander's coordinated shJ
board allowance lists (COALs), shipalt records, and IM data. T2lep1l
calls to specific ships and cognizant technical personnel, as necessarl
confirmed system configuration.

2.2.3 Prepare Maintenance History Profile

The maintenance history profile was prepared from analysis of MD8
and CASEP data and review of applicable INS documentation and SAPs.
The maintenance history profile is a working technical package describing
the types of corrective and restorative maintenance historically performed
on the system, the level of maintenance typically required to perform the
work, an estimate of the man-hours required, and the approximate inter-
vals at which thes maintenance actions can be anticipated.

2.3 TASK 2: ANALYS P L3MS AND CAUSES

In Task 2 the data summarized on the maintenance history profile forms
were analyzed, together with the available engineering data, to identify
maintenance, support, and design problems and their associated causes.
The problems and their causes were confirmed and data related to additional
problems were uncovered through discussion with ships' forces and Navy
technical personnel when possible.

2.3.1 Analyse Data to Define Prob!ems

Recurring maintenance requirements affecting the availability and
material condition of the equipments constituting the system were identi-
fied by screening the maintenance history profiles developed in Task 1.
screening of the maintenance history profiles had two major objectives$

Identification of recurring failure modes or problems that require
0A, depot, or other off-ship assistance for correction and are

2-2



conon to all engineering designs of the functionally similar equip-
ments installed on the ship classes examined.

I Identification of recurring failure modes or problems that are
either unique to or primarily associated with a particular equip-
sent engineering design installed on a limited number of hulls.

Once the problems were identified, the previously completed OC program
Ms for functionally similar equipments were reviewed to determine whether
the same or similar problems had been previously identified on other ship
classes. If such was the case, the need for additional detailed analysis
was minimized.

2.3.2 Define Causes

Although it is presented as a separate subtask, the definition of
problem causes was a continuing process that occurred concurrently with
the definition of the problems. Concurrent effort was required for the
following reasons:

. Problem causes were sometimes stated in the historical maintenance
data.

. Causes or possible causes of problems were identified during discus-
sions with Navy technical personnel or ships' forces.

• Problem causes had previously been identified by analysis of iden-
tical or functionally similar systems installed on other ship classes.

In general, the causes were grouped into three categoriest maintenance
strategy, design, and support.

2.3.3 Summarize Problems and Causes

The problems identified and the causes defined in Task 2 were suosm-
rized and carried forward to Task 3 for development of specific solutions.
The sumary descriptions included the following data:

. A statement of the problem and the most probable cause

• A sumary of the pertinent maintenance history and engineering
data, including man-hours, number of actions, and level of repair

Other information affecting the problem, such as redesign work
in process, applicable alterations, or the effects of maintenance
availabilities

2.4 TASK 3: ANALYZE SOLUTIONS TO PROBLEMS

*In Task 3 the problems identified in Task 2 were analyzed so that
a recomendation could be made regarding a maintenance strategy, a support
strategy, design changes for the associated equipments, or equipment that
should be replaced.

2-3



2.4.1 Analyze Existing Solutions

The analysis of existing design solutions that might be applioable
to the two ship classes under study had two basic objectives. The first
was to determine whether the problem was known to the Navy technical comu-
nity and whether or not a solution had been proposed or defined. To do
so, currently authorized shipalts affecting the system or equipment under
study were reviewed and, if necessary, interviews were conducted with Navy
technical personnel. Where possible, the effectiveness of installed shipalts
was assessed.

The second objective vas to determine if the specific problem existed

in other ship classes and, if it did, whether a solution had been defined
and whether it was applicable to the problem associated with the ship classes
under study. To meet this objective, previously completed analyses of
functionally similar equipments installed on other ship classes were reviewed, I
and the various problem found were evaluated for similarity. If the problems
were determined to be similar to those identified in this analysis, the
previously developed solutions were assessed for applicability to the par-
ticular equipments installed on the ships under study. If found to beapplicable, they were adopted and documented as recoemendations in thisreport without further detailed analysis.

2.4.2 Analyze Potential Maintenance Strategies

Previously developed maintenance strategies for functionally similar
equipments installed on other ship classes were reviewed for their applica-
bility to equipment installations an the ships under study. If shown to
be applicable by this analysis, they were adopted and recommended for imple-
mentation on these classes of ship.

Where previously identified maintenance strategies did not apply to

the ship classes under study, maintenance strategies that could possibly
apply were analyzed by using reliability-centered maintenance (ROE) logic.
This approach used the information developed during previous tasks to answer
a series of simple yes-no questions, which led to specific decisions concern-
ing the suitability of scheduling maintenance tasks. Three types of mainte-
nance tasks could result from the decision process:

* On-condition task - Inspect equipment operation to detect either
experienced or impending failures

* Scheduled rework task - Rework an item before an established maxi-
mum age or operating interval is exceeded Ni

0 Scheduled discard task - Discard an item before an established
maximum age or operating interval is exceeded

The results of this process led to the development of the maintenance strate-
gies recommended for the systems and equipments under study for which pro-
viously developed maintenance strategies were inadequate. I

2-i ,_,-4



7.
2.4.3 Analyze Potential Solutions to Intecate Logistics auport (rLS)

I. Problem

Analysis of possible improvements to the ILS of the systems and equip-
ments under study was limited to only those systems or equipments having
maintenance history profiles that indicated the presence of such problems.
Such problems are typically identified during review of NDB or CASB= data.
Excessive downtime awaiting parts and the lack of authorized on-board spares
as reported in CASREPs indicated the existence of ILS problems. 306 narra-

. tives were also used to identify ILS problm, since the deferral codes

frequently indicated that a particular maintenance action was deferred
for lack of spare parts, technical documentation, or training or experience
on the equipment. Where ILS problems wore identified, previously completed

analyses of functionally similar systems or equipments were reviewed to
determine if similar ILS problems had been identified. If they had, and
if satisfactory solutions had been defined and recommended, those solutions
were adopted and documented as recommendations in this report without further
detailed analysis. Otherwise, further analysis was conducted to define
an appropriate solution.

Each ILS problem was assessed in terms of its significance and the
feasibility of successfully implementing a cost-effective solution. Only
those solutions judged to be essential and cost-effective were recomended.

2.4.4 Select Effective Solutions

An effective solution was selected by the analyst on the basis of
its merit or essentiality with respect to its projected cost and risk.
All candidate solutions, whether resulting from this analysis or from pre-
viously conducted analyses of functionally similar equipments, that were

judged to improve personnel safety or primary mission reliability were
assessed on the basis of projected cost and feasibility. If these candidate
solutions were not clearly feasible, or if their value, in terms of reduced
maintenance burden or improved equipment reliability, was not significant,
they were not recommended for implementation.

2.5 TASK 4: DOCUMT SEA RESULTS

The Task 4 approach was to present the analysis results in a concise,
logical format that included an introduction to the SEA objectives, a sary
of the technical approach used, a presentation of the analysis results,
and a section listing the specific conclusions and recomiendations resulting
from the analysis. Appendixes were included as necessary to show pertinent
data affecting the system, including a table defining the configurations
by allowance parts list (APL) number for each LEI- and LM-2 Class hull
included in the analysis.

I2-
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CHAPTER THREE

ANALYSIS RESULTS

3.1 GENERAL SYSTEM BOUNDARIES AND DESCRIPTION

This chapter presents the results of the system engineering analysis
for the air conditioning, heating, and ventilation systems for the LPH-2
and LHA-1 Classes of ships. The air conditioning, heating, and ventilation
systems encompass six SWAB groups. The air conditioning equipments include
the chilled water distribution system (514-1), the chilled water air condi-
tioning plants (514-2), and self-contained air conditioning units (514-3).
The heating system is covered by SWAB 511-1. The ventilation system
includes nonmachinery-space ventilation (512-1) and machinery-space ventila-
tion (513-1). Appendix A presents a breakdown of the major equipments in
each SWAB category. Appendix B shows the APL configuration by hull for the
major equipments covered by this analysis.

The air conditioning, heating, and ventilation systems constitute the
environmental control system for the ship, provided for the purpose of
keeping the crew mentally alert and physically fit. The air conditioning
(A/C) circulating chilled water system provides chilled water to various
cooling coils located throughout the ship in ducts or in designated air
conditioning spaces. This circulating chilled water is also used to remove
heat from heat exchangers in electronic cooling systems and auxiliary
machinery. A sea water circulating system is used to remove heat from the
air conditioning plants (chiller units).

The air conditioning, heating, and ventilation equipment for the LPH-2
and LHA-l Class ships consists generally of motor-driven fans, preheaters
and reheaters, cooling coils, air conditioning plants, circulating pumps,
and the necessary piping and ducting to supply conditioned air at the

* proper temperature to environmentally controlled spaces. Thermostatic con-
*trols located in either the spaces or the ducts serving the spaces automat-

ically regulate the temperature of the air supplied to the air conditioned
spaces. The ventilation, heating, and air conditioning systems provide con-
trol and distribution of air throughout the ship to accomplish the following
functions:

* Supply fresh outside air to the ship

* Exhaust stale and contaminated air from the ship

3-1
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• Cool or heat ambient air for distribution to berthing, messing,
office, medical, dental, and control spaces, as required

* Provide cooling air to ammunition storage and handling spaces and
to electronic equipment rooms

0 Control temperature and humidity for the LHA-I Class troop climate L.
conditioning room

. Circulate chilled water through heat exchangers to remove heat from
electronic equipment and to chill potable drinking water

Locally controlled cooling coils and heaters are installed in spaces
where local control or supplemental cooling or heating is desired. Circu-
lating chilled water from the air conditioning chiller units is provided to
various types of cooling coils throughout the ship. Ambient air is ducted
into and exhausted from the main and auxiliary machinery spaces by large-
capacity vaneaxial fans. Sufficient fresh air is supplied to vehicle stow-
age and hold areas, and contaminated air is exhausted from those areas to
prevent concentrations of noxious gases from landing craft and motor vehicles.

More detailed descriptions of the systems are given in the individual
system subsections of Section 3.2.

The air conditioning, heating, and ventilation systems were selected
for analysis because of their contribution to the ship's maintenance burdens
at all levels of repair. In terms of all maintenance-significant systems,
the air conditioning, heating, and ventilation systems ranked fourth, twenty-
ninth, and thirteenth, respectively, of 118 shipboard systems on the LPH-2
Class ships (see ARINC Research Publication 2652-11-1-2462), and seventeenth,
thirtieth, and forty-second of 88 systems on the LHA-l Class ships (see
ARINC Research Publication 2653-01-TR-2552).

3.2 MAINTENANCE REQUIREMENT IDENTIFICATION

The maintenance requirements for the air conditioning, heating, and
ventilation systems are addressed in two sections. Section 3.2.1 covers
the air conditioning plants and chilled water and salt water circulating
systems; Section 3.2.2 covers the heating and ventilation system. Section
3.2.3 provides a brief discussion of corrosion problems identified during
the analysis that applies to the heating, ventilation, and air conditioning
systems.

3.2.1 Air Conditioning

3.2.1.1 System Description

Air for the ventilation system's air conditioned spaces is cooled by
a chilled water circulating system. Fresh water, cooled by mechanical
refrigeration, is circulated through duct-type cooling coils, gravity-type
cooling coils, and unit coolers located throughout the ship in or near the

3-
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spaces served. Duct-type cooling coils are employed in the majority of
spaces that require air conditioning. Gravity-type cooling coils are used
in ammunition and missile storage areas. Unit-type cooling coils are used

£ in spaces requiring air conditioning where only replenishment air is avail-
able.

1. The chilled water for the air conditioning chilled water circulating
system is provided by independent chiller units (air conditioning plants).
The LHA-I Class ships all have four 300-ton-capacity air conditioning plants.
The LPH-2 Class ships have various sizes and numbers of air conditioning
plants. The current plant configuration by hull for both classes is shown
in Table 3-1. There are two shipalts that affect the air conditioning plant
configuration of the LPH-2, -3, -7, and -9. Shipalt LPH-255 (Revision I)
replaces the 65- or 70-ton unit for zones 1 and 2 with a 150-ton unit;
replaces the existing circulating pump for zones 1 and 2 with a larger-

*capacity (540 GPM) pump; air conditions a number of additional spaces; and
accomplishes the associated piping and cabling. Shipalt LPH-585 provides
the capability for extended operations in the tropics by installing an
additional 150-ton plant and an additional salt water circulating pump,
together with the necessary plumbing to air condition additional spaces.
Appendix C sumarizes the work accomplished by these two shipalts.

All of the A/C plants for both classes are of the vapor-compression
chilled water circulating type. Heat from the air conditioned spaces is
absorbed by the chilled water in the cooling coils and is removed by the
primary refrigerant in the water chillers. In the larger plants (150 tons,
200 tons, and 300 tons) the compressors are of the centrifugal type that
use R-11 (the 150-ton and 200-ton plants of the LPH-2 Class) or R-114 (the
300-ton plants of the LHA-I Class) as the primary refrigerant. The smaller
plants (65 tons, 70 tons, and 85 tons, LPH-2 Class) have compressors of the
reciprocating type that use R-12 as the primary refrigerant.

In addition to the chiller units, the chilled water circulating system
includes chilled water circulating pumps, pump motors and controllers, and
necessary piping and fittings to circulate the chilled water through the
cooling coils and heat exchangers located throughout the ship. The output
of each chiller unit is pumped through a separate chilled water loop with
cross-connection between the other chiller unit outputs so that the ship's
air conditioning load can be carried by one or more air conditioning plants
in an open-loop configuration or the individual loops can be segregated so
that each plant cools a separate loop. In this manner, redundancy is pro-
vided such that, in most ope :ating environments, the loss of one or moreV" A/C plants can be absorbed without reduction in air conditioning services.

In addition to the A/C plants and the chilldd water circulating systems,
I- the A/C system includes sea water circulating systems, which are used to
j remove heat from the primary refrigerants by circulating sea water through

the condensers in the air conditioning plants. The sea water circulating
pumps take suction from seachests and discharge the sea water to the inlet
of the condenser units. The discharge lines of each sea water circulating

3. pump are cross-connected with the firemain system so that in the event of a
pump failure, the firemain may be used to provide the sea water for the

Econdensers.

3-3
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The 1DS data reported against the major equipments of the air condi-
tioning systems were sorted and summarized to define the MDS-reporteA cor-
rective maintenance man-hour burdens represented by the air conditioning
systems on each ship. For this purpose, each A/C plant was treated as a
single unit made up of the major components of the plants, including the
condenser, compressor, compressor motor and controller, chiller, dehydrator,
and flexible coupling. The combined equipments of each plant were treated
as a single unit, since the loss of any one unit causes loss of that plant.
Similarly, the burdens computed for the chilled water and salt water circu-
lating systems represent the average combined burden of the pump, pump
motor, and controller of each system. The significant reported data and
the computed burdens in terms of average interval between JCNs and average
man-hours per component operating year are sumarized in Table 3-1. The L.A/C systems are addressed within each of the remaining sections of this

analysis as three separate systems: the air conditioning plants, the
chilled water distribution system, and the salt water circulating system. L

3.2.1.2 Air Conditioning Plants

Review of the reported MDS data revealed that air conditioning plant
corrective maintenance is generally reported against either the plant APL
or the individual equipment APLs. That maintenance reported against the
plant APL was usually for system-level repairs such as repair or replace-
ment of temperature or pressure gauges and cleaning of the refrigerant
system. Of all the maintenance actions reported against individual equip-
ment APLs, more than 92 percent were attributable to five equipments: the
compressors (58 percent), the compressor motors (14 percent), the compressor
motor controllers (12 percent), the condensers (5 percent), and the chillers
(3 percent). These equipments are addressed individually in the following
paragraphs. 1

Compressor

On the basis of the reported MDS data, the compressors universally
represent the greatest maintenance burden to the A/C plants. They also
accounted for 13 of the 30 CASREPs reported against the A/C plants during
the data period.

The purpose of the compressor is to pump the heat-laden low-pressure
refrigerant vapor from the water chiller and discharge it at a high pressure I
to the condenser. There are two types of compressors installed on the ships
under analysis. The smaller plants (85 tons and below) employ 8- or
12-cylinder reciprocating-type compressors. The cooling capacity of the
compressors is controlled by the temperature of the water leaving the chiller.
The capacity of the reciprocating compressors is controlled by a capacity
control system that varies the number of cylinders allowed to compress
refrigerant in response to the load requirement of the plant. The capacity

of the centrifugal compressors is controlled by varying the position of radial
pre-rotation vanes in the suction inlet to the impeller wheel, while the com-
pressor is allowed to operate continuously at constant speed.
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Part requisitions against individual compressor APLs appearing on at
least two job control numbers (JCNs) were extracted from the NDS data (these
are summarized in Appendix D). Exceptions were consumables such as gaskets,
bolts, nuts, and packing. In view of the extent of the data period repre-
sented by the MDS data, parts ordered only once during the data period were
not considered as having significant enough usage to warrant consideration.
A part-demand frequency was computed for all the parts listed in Appendix D
by dividing the total equipment operating years by the number of JCNs on
which each part was ordered. Parts with multiple applications in a compres-
sor (such as piston rings, valve disks, and cylinder sleeves in reciprocating
compressors) are generally replaced in quantity. This is as expected since
all of the cylinders of a reciprocating compressor receive the same wear and
when the equipment is deteriorated by wear, restoration to original specifi-
cations would generally require replacement of all rings and bearings.
Review of the part usage summaries indicates that the compressors are made
of reliable parts. Review of the individaul APLs indicated that current on-
board allowances are adequate to meet historical part demand. However,
operating personnel on all ships visited indicated that they had difficulty
in obtaining compressor internal parts (they mentioned rings, pistons,
cylinder liners, and valves on reciprocating compressors, and carbon seals
and bearings on centrifugal compressors).

The MDS data revealed that ship's force is generally capable of per-
forming all repairs to the air conditioning compressors, including major
overhaul. Further, ship personnel were critical of the quality of overhaul
that equipments received from the shipyards and SIMAs. On one ship, for
instance, they reported that shortly after a recent overhaul, two compres-
sors that had been overhauled failed catastrophically -- one because a rag
was left in the oil sump; the other because, during overhaul, sand had
entered the compressor from the ventilation system during sand-blasting
operations. Ship's force indicated that if they have the time and the parts,
they prefer to overhaul their own equipment to ensure a high-quality overhaul.

The MDS narrative review indicated that the need for compressor correc-
tive maintenance is generally determined by two types of failures:

Noncatastrophic failures, in which the need for repair is deter-
mined by perfirmance monitoring (e.g., abnormal operating pressures
or temperature, erratic compressor operation, noise, or vibration).

. Catastrophic failures, causing complete plant shutdown and usually
resulting in the preparation of a CASREP.

j" Factors leading to catastrophic failures of the compressor were identi-
fied from the MDS and CASREP narratives, from review of technical manuals,
and from interviews with ship's force and technical personnel. These fac-
tors include refrigerant floodback to the compressor (liquid refrigerant
returning to compressor) and wear and deterioration:

, Refrigerant Floodback. Refrigerant floodback to the compressor can
result from improper start-up or refrigerant overcharge or, in some
plants, improper adjustment of the thermal expansion valve that
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controls the quantity of liquid refrigerant that passes through the
chiller tubes. There are several indications that floodback is
occurring:

The actual refrigerant suction temperature drops to the tempera-
ture corresponding to the existing suction pressure as indicated
by the temperature and pressure scales on the suction pressure1.-
gauge-

Compressor discharge temperature drops.

Condensing pressure is low.

There is a sudden loss of oil from the crankcase.

If liquid refrigerant is returning to the compressor, the cause must1.-
be isolated and corrected at once to prevent severe compressor dam-
age. Liquid refrigerant, if permitted to return to the compressor
over a period of time, even in small quantities, will cause lubrica-
tion problems due to the flushing of oil from wearing surfaces,
particularly in the reciprocating compressors, where pistons,
cylinder walls, rings, and bearings may all suffer premature failure.

Wear and Deterioration. The extent of wear and deterioration of the
compressor is a direct function of the amount of system use and the
care with which the compressor is operated and maintained. Opera-
tional requirements of the ship dictate the amount of use, and
little can be done to reduce normal wear. However, the single
greatest controllable factor affecting compressor life is the care
with which it is operated and maintained. For example, one of the
most common failures noted in the MDS data, shaft seal failure, is
usually the result of faulty lubrication due to contaminated oil.
Dirt is most easily introduced into the compressor during installation
or when the compressor is opened for repairs or overhaul. When the
compressors are opened, internal components are also subjected to
the possibility of corrosion, resulting in accelerated wear and fur-
ther contamination of the oil. If the compressor is opened for
repair, it is especially important to keep the refrigerant side of
the system as clean and dry as possible. If the system has been
opened for repairs that require removal of the refrigerant charge!
from the system, it is essential that the system be clean and thor-
oughly evacuated and dehydrated before recharging.

All but two of the 13 CASREPs reported against compressors, susmarized
in Table 3-2, were of C-2 severity; the two others were of C-3 severity
because another A/C plant was down. j

Review of the applicable PHS procedures for the plants reveals that the
compressor preventive maintenance procedures consist primarily of testing
the refrigerant system for leaks and testing and maintaining lube oil quality.
The P1S and applicable technical manuals indicate that the compressors (both
reciprocating and centrifugal) should be opened only if the system fails to
function properly and repairs to the compressor are likely to be required.
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Table 3-2. COMPRESSOR CASREP SUMMARIES

Plant
Ship APL Number Summary

r -LPH-2 060950088 2 Backflooding caused by operating error
resulted in extensive internal damage.

i . LPH-3 060150142 8 Unidentified mechanical failure; over-

haul by SIMA.

060950088 5 Piston seizedl overhaul by contractor.

2 Freon floodback damaged two suction
valves, pistons, discharge valves, con-
necting rod bearings.

" 060150142 8 Failed; 3 rods, pistons, main bearings,

seal, and crankshaft damaged.
Overhauled.

LPH-7 060950109 1 Connecting rod broke, causing severe
damage to cylinders 7-11 and pistons.
Overhauled by repair activity.

5 Needs overhaul because of deteriorated
condition. Bad suction and discharge
valves, scored cylinder liners, bad
unloader pistons, bad bearings, bad
thermal expansion valve.

* " LPH-9 060950109 1 Replace shims and coupling.

LPH-10 060150120 3 Suction and discharge valve. leaking.

LPH-11 060950101 1 Prerotating vanes and linkage sticking
and binding. Overhaul by industrial
activity.

060950191 3 Will not turn. Gears binding.

060950191 2 Lube oil relief valve worn. Contami-
nated oil damaged compressor. Over-
haul by SRF Subic.

060950191 3 Frozen; will not rotate.

eI
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A review of the available SARPs for the ships being analyzed, susma-
rized in Table 3-3, revealed that 33 of the 46 compressors of the ships for L
which the SARPs were applicable were authorized for class B overhauls dur-
ing the availabilities documented by the individual SARPs. Several types
of justification were given for the need for class B overhauls in the CSMP
entries identified in the individual SARPs. The most prevalent CSMP entryL
stated *air conditioning plant operates at reduced capacity." Reduced
plant capacity can result from a number of problems, such as a scaled or
leaking condenser or chiller or a worn compressor. Other referenced CSMP
entries stated only that the shaft seal leaked. Still other CSMP entries
cited a need for class B overhaul since the task was identified in the

Table 3-3. CLASS B SUMMARY (FROM 1.
SARPs) FOR A/C
COMPRESSORS

ROH Compressors Receiving
Ship Date Class B Overhaul

LPH-2 FY 81 7 of 7

LPH-3 FY 82 7 of 7

LPH-7 FY 79 3 of 6

LPH-9 FY 80 0 of 6

LPH-10 FY 80 6 of 6

LPH-11 FY 80 3 of 3

LPH-12 FY 80 1 of 3 1
LHA-1 FY 81 2 of 4

LHA-l FY 82 4 of 4

Total 33 of 46

baseline SARP. Two of the authorized SARPs reviewed, one for the LPH-2 and
one for the LPH-3, identified all seven of the compressors as requiring
class B cverhaul. The results of the Machinery Condition Analysis (ncA)
performed on the air conditioning plants of those two ships were referenced
in the SARPs as not supporting the general need for class B overhaul of the !
compressors. The MCA results specified only the need for renewing som of
the shaft seals, together with some other minor class C repairs. It appears
from the SARP review that the air conditioning plant compressors are increas-
ingly receiving routine insurance-type class B overhauls with questionable
justification of the need for overhaul.
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It appears, then, that the current maintenance strategy for the com-
pressors is to perform PMS, with an increasing trend toward routine periodic
overhaul at ROH.

The following conclusions resulted from analysis of the available main-
tenance data on the air conditioning plant compressors:

. Review of part replacement rates, historical man-hour burdens,
and CASREPs indicates that the compressors are generally reliable

- equipments.

. Given adequate time and replacement parts, ship's force is capable
of most compressor repairs, including major overhaul.

. Compressor wearout is primarily a function of ship operations and
the care with which the compressor is maintained; therefore, it
cannot be predicted.

Catastrophic failure of a compressor (or A/C plant in general) does
not generally result in ship mission degradation, since in most
operating environments not all of the A/C plants are required to be
on line at the same time to meet all cooling requirements.

. Current compressor maintenance strategy is to perform PMS, with an
increasing trend toward periodic overhaul at ROH. Justification
for the routine overhaul appears questionable.

. Discussions with ship's force personnel indicate that on-board
allowances of compressor internal parts are not being met.

Compressor Motor

Motors of several sizes are used in the different air conditioning

plants to drive the compressors. The reciprocating compressors are coupled
to their drivers through flexible couplings. The horsepower ratings of the
individual motors of the reciprocating compressors are 75, 100, and 125, as
defined by the installation configuration in Appendix B. The centrifugal-
type compressors are coupled to their drive motors through a speed increaser,
which steps up the drive speed from motor rpm to compressor rpm. The drive
motors of the centrifugal compressors are rated at 200 hp and 300 hp as
shown in Table B-1.

There were nine CASREPs, all of C-2 severity, against the compressor
motors (see Table 3-4). Review of MDS narratives for the compressor motors
revealed two repetitive maintenance actions experienced by the motors:
bearing replacement and stator rewinding. These are described as follows:

* Bearing Replacement. Bearing replacement was one of the most fre-
iquent repair actions identified in the MDS data, although its occur-

rence on individual motors was rare. On LPH-2, for example, of the
seven compressor motors, the only identified bearing replacements
were two on compressor motor 3 and one on compressor motor 1 over
a period of about eight ship operating years. Similar replacement

iL
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Table 3-4. COMPRESSOR MOTOR CASREP SUMMARIES

Plant
Ship APL Number Summary

LPH-2 174340814 5 Fan flade loosened on shaft and
severed windings.

LPH-3 174340814 2 Windings shorted because of insula-
tion breakdown.

174340814 8 Windings shorted because of insula-
tion breakdown.

174340814 1 Windings shorted because of insula-
tion breakdown.

LPH-11 174752206 -- Compressor motor grounded.

LHA-2 174031473B 1 Bearings wiped, causing bent
coupling

174031473B 3 Windings shorted.

LHA-l 174031473B 2 Windings shorted.

174031473B 3 Windings shorted.

rates were experienced by the other ships analyzed. Bearing replace-
ment is within ship's force capability and can generally be accom-
plished within 25 man-hours. One identified CASREP was caused by
bearing failure. Bearings rarely fail catastrophically, since they
are replaced when warning signs (such as noise or vibration) indicate
the need for replacement prior to catastrophic failure. The bear-
ings for the individual motors are stocked on board. On the basis
of the foregoing discussion, bearing replacement is not considered
a significant problem.

Stator Rewinding. Seven of the nine identified CASREPs were attribu-
ted to failure of the stator windings and were deferred for outside
repair activity. Stator winding repair involves rewinding, dipping,
and baking of the stator, a task which requires IMA assistance.
Review of the MDS data revealed that, like the need for bearing
replacement, the need for stator winding was infrequent or nonexist-
ent for specific motors. For example, on the LPH-2, which has seven
compressors, only two motor rewinds were identified in 8.11 ship 7
operating years of data, or an anticipated rewind rate during the
operating cycle of approximately one per motor every 28 ship operat-
ing years. Impending stator winding failure can normally be pre-
dicted prior to breakdown by taking insulation-resistance readings
and ensuring that the motor windings remain clean and dry; these
checks are included in PMS requirements.
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PMS for the compressor motors includes requirements for cleaning and
" inspecting, lubricating bearings, and checking insulation resistances.

From review of the MDS data reported against equipments in the periods
shortly after overhaul, it was evident that a routine class B overhaul is

* no guarantee of subsequent reliable operation. For example, one compressor
-" motor on the LPH-3, from plant number 6, was rewound, dipped, and baked in

July 1976 because the motor had burned. Subsequently, the motor windings
failed again in December 1976 and January 1977; both times they were re-

* wound. In another case, on LPH-ll, compressor motor 1 was rewouni three
times in a two-year period.

A review of SARPs (summarized in Table 3-5) indicated that 32 of 46

A/C plant compressor motors were authorized for class B overhaul. As in

the case of the compressors, the MCAs for the LPH-2 and LPH-3 (both of
which had class B overhauls authorized for all seven motors) supported
overhaul of only two o'. the LPH-2 motors and none of the LPH-3 motors.
The most common CSMP entries referenced in the SARPs stated that the motors

had noisy bearings or dirty and oily windings -- problems that can be cor-
rected by ship's force.

Table 3-5. CLASS B SUMMARIES
(FROM SARPs) FOR
A/C COMPRESSOR
MOTORS

ROH Motors Receiving
Ship Date Class B Overhaul

LPH-2 FY 81 7 of 7

LPH-3 FY 82 7 of 7

LPH-7 FY 79 1 of 6

LPH-9 FY 80 0 of 6

LPH-10 FY 80 6 of 6

LPH-11 FY 80 3 of 3

LPH-12 FY 80 2 of 3

LHA-l FY 81 2 of 4

LHA-2 FY 82 4 of 4

Total 32 of 46

I2'
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The following conclusions resulted from analysis of the available
maintenance data on the compressor motorst

The most frequently identified failure modes were bearing failure
and stator winding failure. Bearing replacement is within ship's
force capability, while repair of failed stator windings requires
IMA assistance for rewinding, dipping, and baking the motors. Both
failure modes can generally be predicted by monitoring noise and
vibration levels and by performing PMS checks.

Motor overhaul should be accomplished only as a corrective action; I
it should not be accomplished routinely as an insurance measure,
since it has been demonstrated that motor overhaul is no guarantee
against subsequent failure.

The current maintenance strategy for the compressor motors is to
perform PMS and on-condition maintenance and conduct a class B
overhaul at ROH.

Compressor Motor Controllers

The compressor motor controllers contain the main power contacts and
control relays that operate the compressor motor in response to signals
from A/C plant safety and control switches.

Review of the MDS data revealed that motor controller repairs are nor-
mally effected by ship's force and usually require replacement of a failed
part (e.g., resistors, switch, coils) or replacement of worn contacts. For
many of the motor controllers no maintenance actions were reported during
the data period. Only three parts were identified as having been replaced
more than once; two of them were the same type of part in two different
motor controllers. Demand frequencies for all parts were very low, conse-
quently, no part-related problems were identified as attributable to motor
controller failures.

Class B overhauls of A/C motor controllers identified from available
SARPs are summarized in Table 3-6, which shows that 39 of 46 motor control-
lers were authorized for class B overhaul during the referenced availabil-
ities. While the need for overhaul was substantiated for some of the con-
trollers, in many cases it was not. This was evident in MCA comments,
which did not support the overhauls. V

The following conclusions resulted from analysis of the available
maintenance data on the motor controllers: i

0 Most motor controller repairs are accomplished by ship's force
and require replacement of a failed part.

0 Motor controllers have historically been reliable, as evidenced by
the fact that for many of the controllers no maintenance actions
were reported during the data period and no compressor motor con-
troller CASREPs were identified. j

* A high percentage of the motor controllers are being routinely
overhauled during ROH. F
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* Table 3-6. CLASS B SUMMARIES (FROM
! SARPs) FOR A/C COMPRESSOR
i . MOTOR CONTROLLERS

ROH Controllers ReceivingShip Date Class B Overhaul

LPH-2 FY 81 7 of 7

LPH-3 FY 82 7 of 7

LPH-7 FY 79 3 of 6

LPH-9 FY 80 2 of 6
LPH-10 FY 80 6 of 6

LPH-11 FY 80 3 of 3

LPH-12 FY 80 3 of 3

LHA-l FY 81 4 of 4

LHA-2 FY 82 4 of 4

Total 39 of 46

Condenser and Chiller

The function of the condenser is to transfer the heat of the compressed
refrigerant gas to the sea water circulated through the tubes, converting
the gas to refrigerant liquid. Inside the condenser shell, at the gas
inlet, a perforated baffle plate prevents the high-velocity compressor dis-
charge gas from impinging directly upon the tubes. The function of the
chiller is to transfer the heat from the cooling water to the refrigerant.
This changes the liquid refrigerant in the chiller to a gas as the heat is
absorbed.

Review of the MDS data identified two types of maintenance actions per-
formed on the condensers and chillers: cleaning of the chiller and con-
denser tubes or the shell, or both; and plugging or replacing of leaking
chiller and condenser tubes. It is difficult to determine by any particu-

* . lar test whether possible lack of performance of the water chiller is due
to fouled tubes alone or to a combination of problems. Problems that may
be due to fouled tubes are indicated when, over a period of time, the cooling

.' capacity decreases and the split temperature (difference between water leav-
ing the cooler and the refrigerant temperature in the cooler) increases. A
gradual drop-off in cooling capacity can also be caused by a gradual leak of

jrefrigerant from the system or by a combination of fouled tubes and shortage
of refrigerant charge. An excessive quantity of oil in the chiller can also
contribute to erratic performance.
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In a condenser, trouble due to fouled tubes is usually indicated by a
steady rise in head pressure, over a period of time, accompanied by a steady
rise in condensing temperature.

Fouling of the tubes can be due to deposits of two types:

Rust or sludge that finds its way into the tubes and accumulates
there. This material usually does not build up on the inner tube
surfaces as scale, but it does interfere with heat transfer. Rust
or sludge can generally be removed from the tubes by a thorough
brushing.

Scale due to mineral deposits. These deposits, even though very
thin and scarcely detectable upon physical inspection, are highly
resistant to heat transfer. They can be removed most effectively
by circulating an acid solution through the tubes.

The air conditioning plant technical manual states that whenever the
ship has been tied up in a harbor where water is heavily silted or otherwise
contaminated, the sea water side of the condenser should be thoroughly
flushed immediately upon the ship's returning to open seas. This flushing
is easily accomplished by ship's force by permitting a maximum flow of water
through the condenser for several minutes to dislodge and flush out any
sediment that may have accumulated in the condenser tubes while the ship
was in port.

PMS requirements for the air conditioning plants include a requirement
to clean and inspect the sea water side of the condenser. For some plants
this is a 36-month requirement. For all plants it is to be performed when
the efficiency of the condenser has deteriorated. This deterioration can
be determined by comparing the temperature of the water leaving the condenser
with the condensing temperature of the refrigerant. When the difference
between these two temperatures exceeds a certain limit (depending on the
particular plant), fouled, scaled, or leaking tubes are indicated. If the
condenser tube fouling consists of dirt or sludge, ship's force can usually
remove it by draining the water sides of the condenser, removing the heads,
and cleaning each tube with a soft-bristle bronze brush.

If the condenser tubes are fouled with a hard scale deposit, they must
be acid-cleaned. The MDS data indicate that acid cleaning is usually accom-
plished by either IMA or depot-level personnel. If evidence of rusting and
sludging of shells, particularly the cooler, is discovered after a tube hasleaked an appreciable amount of water to the refrigerant side, the shells
must also be acid-cleaned by the INA or depot personnel.

The existence of condenser or chiller leaks can be positively identified
by leak testing as described in the air conditioning plant technical manuals.
If inspection indicates that the chiller or condenser has one or more leaking
tubes, those tubes must be replaced. The MDS data suggest that tube replace-
ment generally requires INA or depot-level assistance. If it is not prac- "
tical to replace the leaking tubes immediately, they can be plugged temporar-
ily, an action that has been accomplished by ship's force. P1S instructions
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indicate, however, that no more than 10 percent of the total tubes should
be plugged at any one time, or the condenser might suffer too great a los
of efficiency.

The review of SARP entries concerning condenser and chiller class a
overhauls is sumnarized in Tables 3-7 and 3-8, respectively. The review

* - indicated that a large proportion (35 of 46) of the condensers historically
have been retubed during ROH, while few of the chillers (17 of 46) have
been. The greater condenser overhaul requirement is attributed to its
exposure to salt water and resulting corrosion.

One of the CASREPs reviewed resulted from a chiller failure, and three
resulted from condenser failure. The one chiller failure resulted from
warping of the chiller cover when excessive heat was applied to the chiller
to accelerate defrosting. The three condenser CASREPs resulted from tube
leaks caused by salt water corrosion/erosion.

Table 3-7. CLASS B SUMMARIES (FROM

SARPs) FOR AIR CONDI-
TIONING CONDENSERS

ROH Condensers Receiving
Ship Date Class B Overhaul

LPH-2 FY 81 7 of 7

LPH-3 FY 82 7 of 7*

LPH-7 FY 79 3 of 6

LPH-9 FY 80 0 of 6

LPH-10 FY 80 6 of 6*

LPH-11 FY 80 3 of 3*

LHA-12 FY 80 3 of 3

LHA-1 FY 81 2 of 4

I. LHA-2 FY 82 4 of 4*

Total 35 of 46

*Condenser work included in work to
clean, flush, pressure test, repair
leaks for A/C plants.
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Table 3-8. CLASS B SUNKARIES (FROM
SARPs) FOR AIR CONDI-
TIONING CHILLERS

Ship ROH Chillers Receiving
Date Class B Overhaul

LPH-2 FY 81 0 of 7

LPH-3 FY 82 7 of 7*

LPH-7 FY 79 0 of 6

LPH-9 FY 80 0 of 6

LPH-1O FY 80 6 of 6*

LPH-11 FY 80 1 of 3*

LPH-12 FY 80 3 of 3

LHA-1 FY 81 0 of 4

LHA-2 FY 82 0 of 4

Total 17 of 46

*Chiller work included in work to
clean, flush, pressure test, repair
leaks for A/C plants.

The following conclusions resulted from analysis of the available
maintenance data on the A/C plant condensers and chillers:

" The two primary maintenance actions performed on the condenser and
chiller are cleaning the tubes or shells, or both; and plugging or
replacing leaking tubes.

" Ship's force is capable of brush-cleaning fouled condensers and
chillers; however, acid cleaning requires IMA or depot assistance.

* While ship's force is capable of plugging tube leaks, most chiller
and condenser repairs are performed with INA or depot assistance.

" A large proportion of the condensers have been retubed during ROH,
while few chillers have been retubed.

" The need for chiller and condenser cleaning and retubing can be
determined by temperature-gauge readings that indicate chiller/
condenser efficiency and by leak testing.
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- 3.2.1.3 Chilled Water Distribution System

The primary equipments of the chilled water distribution system are
the chilled water pumps, motors, and motor controllers. The chilled water
pumps take suction from the air conditioning unit outlets and discharge
chilled water to the supply headers of the chilled water loops. The motor-
driven circulating pumps have local motor controllers with ON/OFF pushbutton
controls. The chilled water is circulated through cooling coils and heat
exchangers that are connected through piping branches to the chilled water
circulating loops. There is one chilled water distribution pump associated
with each A/C plant.

Average reported annual combined ship's force and IMA man-hour burdens
per pump unit (including pump, motor, and controller) are shown in Table
3-1. Table B-2 shows the chilled water distribution system configuration
by APL. The MDS data indicated that approximately 52 percent of all main-
tenance actions reported against the pump units were reported against the
pumps, 34 percent against the motors, and 14 percent against the controllers.
The reported I9A man-hours were evenly divided between the pump and motor,
none were reported against the controllers. Significant part-usage informa-

tion reported against the pumps and motors is presented in Appendix D (Table
D-2). That information includes all parts ordered on at least two JCNs.
The pump, motor, and controller are discussed individually in the following
paragraphs.

Chilled Water Pump

The chilled water pumps of the LPH-2 and LHA-1 Classes vary in capacity
from 180 to 1550 GPM, as shown in Appendix B (Table B-2). The chilled water
pumps of the LHAs, the LPH-11, and the LPH-12, as well as the new pump being
added by Shipalt LPH-255K to the LPH-2, -3, -7, and -9, are all coupled to
their drive motors through flexible couplings. All others are close-coupled.

Review of the MDS part requisition data summarized in Appendix D (Table
D-2) indicates that two pumps on the LPH-2 Class ships (APLs 016110129 and
016110441) and the LHA-1 Class chilled water pump (APL 017030310) had repeti-
tive requisitions for the same parts. The parts identified as having rela-
tively large numbers of replacements were bearings and wearing rings; however,
the individual demand frequencies for those parts were low. Ship's force is
usually capable of replacing those parts. NDS narrative review revealed that
while IMAs have provided occasional assistance in the overhauls of chilledI. water pumps, ship's force is capable of most repairs, including major over-
haul. The data indicate that many of the chi;led water pumps have operated
virtually trouble-free during the operating cycles.

A review of the available SARPs, summarized in Table 3-9, indicated
that 44 of 47 chilled water pumps were authorized for class B overhauls.
As in the case of the A/C plant compressors, the justification for the need
for class B overhaul was frequently questionable. For example, the MCAs for
the LPH-2 and LPH-3 did not support the need for class B overhaul of 12 of
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the 14 pumps. Referenced JCNs indicated frequently that a pump required
only repacking or possibly bearing replacement -- repair actions that are
within the ship's force capabilities.

Tabla 3-9. CLASS B SUMMARIES (FROM
SARPs) FOR CHILLED
WATER PUMPS

ROH Pumps Receiving
Date Class B Overhaul

LPH-2 FY 81 7 of 7

LPH-3 FY 82 8 of 8

LPH-7 FY 79 6 of 6

LPH-9 " FY 80 6 of 6

LPH-10 FY 80 6 of 6

LPH-11 FY 80 3 of 3

LPH-12 FY 80 3 of 3

LHA-l FY 81 1 of 4

LHA-2 FY 82 4 of 4

Total 44 of 47

One CASREP (of C-2 severity) was submitted against chilled water pumps.
That CASREP resulted from failure of the thrust bearing.

PMS requirements for the chilled water pumps consist of inspecting the

pump packing/mechanical seals, foundation bolts/fasteners, flexible coupling
and internal parts, and lubricating moving parts.

The following conclusions resulted from analysis of the chilled water
pump maintenance history:

* The most frequent failure modes experienced by the chilled water
pumps were associated with replacements of bearings and wearing
rings.

. Ship's force is capable of repairing chilled water pumps, including
major overhaul.
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0 Chilled water pump failures have rarely affected the ship's ability
to perform its mission, as demonstrated by the fact that only one
CASREP was identified as resulting from failure of a chilled water
pump, and that was of C-2 severity.

Current chilled water pump maintenance strategy is to perform PHS
and routinely overhaul at ROH. Justification for routine overhaul
of the pumps was questionable.

* Chill 4 Water Pump Motors

The air conditioning chilled water pump motors of the LPH-2 and LHA-l
Classes vary in horsepower rating from 15 to 150, as shown in Appendix B
(Table B-2). All the motors operate on 3-phase 440 V 60 Hz power and rotate
at either 1,750 or 3,500 rpm (approximately).

- Review of the MDS narrative transactions and part data revealed, as

expected, the same two repetitive failure modes experienced by the compressor
motors: bearing failure and stator winding failure. Eight CASREPs (C-2
severity) were issued against the chilled water pump motors. Four of the
identified CASREPs were attributed to bearing failures, which in some
instances caused subsequent overheating and shorting of the motor windings.IAppendix D (Table D-2) indicates that the interval between demands during
the operating cycle for the most frequently replaced bearings ranged from
about 4 to about 35 ship operating years. Thus it can be concluded that the
need for bearing replacement varies from ship to ship, and even between dif-
ferent motors on the same ship. MDS data suggest that bearing replacement
is within ship's force capability. Review of the applicable APLs indicates
that the on-board allowances for the bearings are adequate to support the
demand rates. Consequently, bearing replacement is not considered a major
problem.

Two of the CASREPs initiated against chilled water pump motors were
attributed directly to stator winding failure. The most frequently identi-
fied need for outside assistance for motor work was associated with cleaning,
rewinding, dipping, and baking the motor -- an action that is within ship's

. force capabilities, at least for the smaller motors (up to about 25 horse-
power). Like the occurrence of bearing replacement, the occurrence of motor
rewinds on the chilled water pump motors varied widely between ships and

±between identical pumps on the same ship. The need for motor rewinds can
generally be determined prior to catastrophic failure by means of PMS checks.

'U The PMS requirements for the chilled water pump motors are the same
general requirements as for all ac motors: clean and inspect, lubricate,
and check insulation resistance.

I Review of the available SARPs, summarized in Table 3-10, indicates that
45 of 47 chilled water pump motors were authorized for class B overhaul dur-
ing the overhauls for which the SARPs were applicable. MCA comments on
LPH-2 and LPH-3 did not support overhaul of 13 of the 14 motors. Referenced
JC~s also frequently supported repairs to only one motor, rather than all

3
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Table 3-10. CLASS B SUMMARIES (FROM
SARPs) FOR CHILLED
WATER PUMP MOTORS

ROH Motors ReceivingDate Class B Overhaul

LPH-2 FY 81 7 of 7

LPH-3 FY 82 8 of 8

LPH-7 FY 79 6 of 6

LPH-9 FY 80 6 of 6 j

LPH-10 FY 80 6 of 6

LPH-11 FY 80 3 of 3 j
LPH-12 FY 80 3 of 3

LHA-I FY 81 2 of 4

LHA-2 FY 82 4 of 4

Total 45 of 47

motors as indicated in the SARP. Frequently, the referenced JCN indicated
only the need for bearing replacement. It is concluded that the current
maintenance strategy for the chilled water pump motors includes routine
overhaul at ROH. ..

The following conclusions resulted from analysis of the chilled water
pump motor maintenance history:

" The most frequent failure modes experienced by the chilled water i,
pump motors were bearing failure and stator winding failure.

" Bearing replacement is within ship's force capability. Motor
rewinding of the smaller motors is within ship's force capability,
while the larger motors usually require IMA assistance.

0 Chilled water pump motor failures have resulted in 8 CASREPs of
severity C-2 over the approximate 63 ship operating years, indicat- l
ing that motor failures have rarely affected the ship's ability to
perform its mission.

* The current chilled water pump motor maintenance strategy is to
perform PMS with routine overhaul at ROH.

Chilled Water Pump Motor Controller

The motor controllers provide the means for starting and stopping the
chilled water circulation pumps. Configuration information, by ship, is
provided in Appendix B.

E
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Review of MDS and CASREP data revealed that chilled water pump motor
controllers represent generally minor maintenance burdens; for many of the
controllers no maintenance actions were reported during the data period.
The only maintenance actions reported against controllers were ship's force
cleaning. No IMA man-hours were reported against the controllers. Review
of the MDS part data summaries showed no significant repetitive part usage.

No CASREPs were reported against the chilled water pump motor control-
lers. The results of the review of available SARPs is summarized in Table
3-11, which shows that 36 of 47 chilled water motor controllers were author-
ized for class B overhaul. Referenced JCNs did not substantiate the need
for overhaul. None of the eight authorized controller overhauls for the
LPH-3 were supported by the MCA. Referenced JCNs in some cases indicated
that the CSMP was derived strictly from the baseline SARP.

Table 3-11. CLASS B SUMMARIES (FROM
SARPs) FOR CHILLED
WATER PUMP MOTOR
CONTROLLERS

Ship ROH Controllers Receiving
Date Class B Overhaul

LPH-2 FY 81 1 of 7

LPH-3 FY 82 8 of 8

LPH-7 FY 79 6 of 6

LPH-9 FY 80 4 of 6

LPH-10 FY 80 6 of 6

LPH-11 FY 80 3 of 3

LPH-12 FY 80 3 of 3

LHA-l FY 81 4 of 4

LHA-2 FY 82 1 of 4

Total 36 of 47

The following conclusions resulted from analysis of the available main-
tenance data on the chilled water pump motor controllers:

Chilled water pump motor controller maintenance consists of minor
routine-type repairs within ship's force capability.
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* Chilled water pump motor controller performance has historically
4 been reliable, as evidenced by the fact that for many of the con-

trollers no maintenance actions were reported during the dataL
period and no CASREPs were submitted.

* A high percentage of the motor controllers appear to be receiving
routine overhaul at ROH. L.

3.2.1.4 Salt Water Circulating System

The primary equients of the salt water circulating system include
the salt water circulating pumps, motors, and controllers. The salt water
circulating pumps take suction from seachests and discharge the sea water
to the inlets of the air conditioning plant condenser units in order toL
remove heat from the primary refrigerants circulating through the condensers.
The discharge lines of the salt water circulating pumps are cross-connected
with the firemain so that the firemain can provide the sea water for the
condensers in the event of failure of the salt water circulating pump.

Average reported annual combined ship's force and IMA man-hour burdens i
per pump unit (including pump, motor, and controller) are shown in Table
3-1. The salt water circulating system configuration by APL is presented
in Appendix B (Table B-3). Review of the NDS data indicated that approxi-
mately 74 percent of all maintenance actions reported against the pump units i
were reported against the pumps, 22 percent against the motors, and 4 per-
cent against the controllers. Approximately 73 percent of the IVA man-hours
were expended on pump repairs, with the remaining man-hours reported against
the motors. Pertinent parts usage information reported against the salt
water circulating system is presented in Appendix D (Table D-3). Two CASREPs
were submitted for the salt water circulating systems during the data period
analyzed. The pump, motor, and controller are discussed individually in the
following paragraphs.

Salt Water Circulating Pumps

The salt water circulating pumps of the LPH-2 and LHA-l Classes vary in -

capacity from 110 to 1,500 GPM, as shown in Appendix B. Those of the LPH-lI,
LPH-12, and LHA-1 Class ships are coupled to their drive motors by flexible
couplings. All others are close-coupled. Review of the NDS part requisition
data summarized in Appendix D (Table D-3) revealed that of the 15 different
APLs applicable to the pumps of the LPH-2 and LHA-l Classes, 8 APLs had
requisitions for the same parts on more than one JCN. The parts identified
with relatively high replacement rates were bearings, wearing rings, and
shaft sleeves. As in the case of the chilled water pumps, the data indicated F
that ship's force is usually capable of most repairs, including major over-
haul. Occasional assistance has been requested from ImAs for such work as
straightening bent pump shafts. f

One CASREP (C-2) was initiated against the salt water circulating pumps.
Since the salt water circulating system in backed up by the ship's firemain,
few CASREPs result from salt water circulating pump failures.|
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Review of the available SARPs, summarized in Table 3-12, indicated
that 33 of 36 salt water circulating pumps were authorized for class B over-
haul. The need for overhaul usually could not be substantiated from the
referenced JCNs. The referenced JCN in some cases revealed CSMP entries
for class B overhaul that were based on the fact that the baseline SARP
authorized the overhaul as a routine item. MCA comments for the LPH-3,
on which all six pumps were authorized for class B overhaul, supported only
the overhaul for pump number 5. Other referenced JCNs .5ndicated only that
bearings were noisy or wearing rings required replacemen -- repair needs
that are within ship's force capability.

Table 3-12. CLASS B SUMMARIES (FROM
SARPs) FOR SALT WATER
CIRCULATING PUMPS

Ship ROH Pumps Receiving
Date Class B Overhaul

LPH-2 FY 81 5 of 5

LPH-3 FY 82 6 of 6

LPH-7 FY 79 3 of 4

LPH-9 FY 80 3 of 4

LPH-10 FY 80 3 of 3

LPH-11 FY 80 3 of 3

LPH-12 FY 80 3 of 3

LHA-1 FY 81 3 of 4

LHA-2 FY 82 4 of 4

Total 33 of 36

PMS requirements for salt water pumps are essentially the same as for
the chilled water pumps: inspect pump packing/mechanical seals, foundation
bolts and fasteners, flexible couplings, and internal parts; and lubricate
moving parts.

The conclusions drawn from analysis of the salt water circulating pump
maintenance history are the same as those for ti.e chilled water pump (see
Section 3.2.1.3).

4-
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Salt Water Circulating Pump Motor and Motor Controller

The salt water circulating pump motors of the LPH-2 and LHA-I Classes
vary in horsepower rating from 7.5 to 100, as shown in Appendix B. All of
the motors operate on 3-phase 440 V 60 Hz power and rotate at either 1,750
or 3,500 rpm (approximately).

The maintenance history analysis revealed the same repetitive types
of repairs found on the motors and controllers of the compressors and chilled
water pumps. As in the case of the other motors and controllers, there
were no identified problems with part support; repair requirements for
individual motors varied from ship to ship and between installations within
the same ship; there were no identified CASREPs caused by salt water circu-
lating pump motor or controller failures; and most repairs were within
ship's force capability, with the exception of motor rewinds and overha .
of the larger motors (over approximately 25 horsepower).

Review of available SARPs, summarized in Tables 3-13 and 3-14, indi-
cated that 31 of 36 salt water circulating pump motors and 29 of 36 control-
lers were authorized for class B overhauls. There was a lack of substanti-
ating evidence for the need for overhaul.

Table 3-13. CLASS B SUMMARIES (FROM
SARPs) FOR SALT WATER
CIRCULATING PUMP MOTORS

ROH Motors Receiving
Ship Date Class B Overhaul

LPH-2 FY 81 4 of 5

LPH-3 FY 82 6 of 6

LPH-7 FY 79 3 of 4

LPH-9 FY 80 2 of 4

LPH-10 FY 80 3 of 3

LPH-11 FY 80 3 of 3

LPH-12 FY 80 3 of 3

LHA-I FY 81 3 of 4

LHA-2 FY 82 4 of 4

Total 31 of 36 1

I
N
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Table 3-14. CLASS B SUMM4ARIES (FROM
SARPs) FOR SALT WATER
CIRCULATING PUMP MOTOR
CONTROLLERS

ROH Motors ReceivingShip Date Class B Overhaul

LPH-2 FY 81 4 of 5

LPH-3 FY 82 6 of 6

LPH-4 FY 79 3 of 4

LPH-9 FY 80 2 of 4

LPH-10 FY 80 3 of 3

LPH-11 FY 80 3 of 3

LPH-12 FY 80 j of 3

LHA-1 FY 81 4 of 4

LHA-2 FY 82 4 of 4

Total 29 of 36

The conclusions drawn from analysis of the salt water circulating
pump motor maintenance history are the same as those for the chilled water
pump motor (see Section 3.2.1.3).

3.2.2 Ventilation and Heating

The forced air ventilation system comprises supply, exhaust, and
recirculating fans that are motor-driven and are both remotely and locally
controlled. Essentially, the supply fans take fresh air from weather deck
inlets and distribute the air through ducts to the ship's compartments and
spaces. The exhaust fans remove stale and contaminated air from the ship.
The recirculating fan systems take air from a compartment, filter and con-

jdition it with heat or cold as required to maintain the desired temperature
in the compartment, and return the conditioned air to the compartment.
Replenishment air for recirculating systems is obtained from a supply fan
system that discharges air toward the recirculating air intake. Electro-
static precipitators furnish additional clean-air protection to the spaces
that contain critical electronic equipment and are supplied with recircu-
lated air.
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In spaces furnished with mechanical ventilation, heating is accom-
plished by duct-mounted steam heaters (preheaters and reheaters) or by
electrical duct heaters. Spaces that are not furnished with mechanical
ventilation and require heating have unit steam heaters that rely on oon-
vection air flow across the heating coils. In addition, spaces that have
only a ventilation exhaust system are furnished with electrical radiant
space heaters to increase their temperature levels.

* There are enormous quanities of heating and ventilation equipments and
significant differences in configuration between the ships under analysis.
In addition, initial review of the MDS data reported against the heating
and ventilation system equipments revealed that more than half of the re-
ported maintenance actions and more than half of the ship's force and INA
man-hours were reported against APLs that were "not listed" or "unknown."
For these reasons, it was not considered appropriate to present (in Appendix
B) an APL configuration by hull for the heating and ventilation equipments.

The narrative transactions on heating system equipments under APLs
"not listed" or "unknown" included primarily relagging of piping and ducting,
repairs to steam piping and valves, repairs to unit heaters, repairs or
replacement of thermostats, and repairs to preheaters and reheaters. The
transactions on ventilation system equipments under APLs "not listed" or
"unknown" included primarily replacement of corroded or broken vent screens,
repairs to ventilation system ducting, repairs to ventilation motors and
motor controllers, cleaning of ventilation ducting, and replacement of lag-
ging. Of the equipments for which maintenance was reported by APL, only one
type of equipment was determined to be a significant contributor to the
ventilation and heating system corrective maintenance burden: the electric
motors that drive ventilation fans. These motors accounted for approximately
73 percent of ship's force man-hours and 83 percent of the INA man-hours
reported against ventilation system equipments in maintenance actions in
which APLs were identified.

Review of MDS narratives revealed that the same types of recurring
motor maintenance actions were experienced across both classes. Two signif-
icant failure symptoms were repeatedly reported: excessive noise and vibra-
tion, and burned stator windings. Excessive noise and vibration are normally
indicative of worn bearings or an unbalanced rotor. Motor bearings are
routinely replaced by ship's force, and spare parts are normally on board.
However, IMA assistance is usually required for motor balancing. Burned
stator windings were the result of excessive moisture in the space, seized
bearings, or normal deterioration. The MDS data indicate that in some cases
the motor rewinds were accomplished by ship's force and that in other cases
IMA assistance was required.

A review of parts summaries showed that motor bearings were the only
frequently ordered parts. In addition to being replaced to reduce noise
and vibration, bearings were routinely replaced as a matter of convenience
in conjunction with repairs requiring that the motor be opened (including
rotor balancing and rewind). Review of the individual APLs indicated that
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the current on-board bearing allowances, as specified in the applicable
APLs, are sufficient to support the replacement rates experienced, and no
part-related problems were noted.

During the data period four ships of the LPH-2 Class and two ships of
. the LHA-I Class submitted five CASREPs and two CASREPs, respectively, for

ventilation fan motors. Six of the CASREPs were submitted for burned wind-
ings, and one was submitted for a worn bearing housing. All seven CASREPs
were of severity C-2.

Planned maintenance requirements for ventilation fan motors specify
that motors be cleaned and inspected only when they are removed for correc-
tive maintenance and that idle motors (those not operated in the past 30
days) be operated monthly.

Review of the work listed in available SARPs for the heating systems
- (SWAB 511) revealed that work accomplished during ROH has historically con-

sisted of miscellaneous repairs to various heaters, preheaters, and reheaters,
and repair or replacement of thermostatic valves and thermostats. Estimated
repair expenditures ranged from 17 man-days to 154 man-days. Itemized work
for the ventilation system for nonmachinery spaces consisted primarily of
class B overhauls or class C repairs to ventilation system fans, motors, and
motor controllers; and repair or replacement of vent screens, ventilation
ducting, and insulation. Estimated labor expenditures ranged from 54 man-
days to 1,302 man-days. Itemized work for the ventilation system for machin-
ery spaces consisted primarily of class B overhauls to selected ventilation
system fans, motors, and motor controllers. Authorized man-day expenditures
ranged from none on two ships to 511 man-days. There was no identified work
that was preauthorized, as in the case of the air conditioning systems --

*that is, the heating and ventilation systems currently are maintained with
an on-condition maintenance strategy.

The following conclusions resulted from analysis of available mainte-
* nance data on heating and ventilation system equipments:

Most of the ship's force and IMA maintenance burden is centered on
general system repairs to many different equipments throughout the
system; repairs to heaters, preheaters, and reheaters; replacement

- of corroded or broken vent screens; repairs to vent motors; and
repair or replacement of ducting and lagging.

Ship's force is capable of most heating and ventilation system
repairs.

Heating and ventilation system failures have rarely affected a ship's
capability to perform its missions, as indicated by the fact that

ronly seven CASREPs, all of severity C-2, were initiated against heat-
ing and ventilation system equipments during the data period analyzed.

, Most depot-level repair work was the same type work as that accom-Iplished by ship's force and IMAs.
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The current maintenance strategy for the heating and ventilation
equipments is one of on-condition maintenance, in which repairs
needed during the operating cycle are made by ship's force with
occasional InA assistance. CSMP and POT&I deficiencies are cor-
rected during ROH by ship's force, with the assistance of IMAs and
shipyards as necessary.

3.2.3 Corrosion Control I
During review of the MDS data and available SARPs, a number of corro-

sion problems were cited for ventilation system vent screens and fasteners
and ducting, and for air conditioning system machinery foundations. The
burden placed on ship's force personnel in correcting corrosion-related
problems can be substantial. Appendix E presents a listing of NAVSEA-
approved corrosion-control systems applicable to these problems, as well
as descriptions of tasks recommended for accomplishment during maintenance
availabilities as the problems are identified.

3.3 RECOMMENDED MAINTENANCE STRATEGY

In Section 3.2, the maintenance histories and current maintenance
strategies applicable to the air conditioning, heating, and ventilation
systems of the LPH-2 and LHA-l Classes were analyzed. Basically, it was
found that during the ship's operating cycle, the air conditioning systems
are being maintained according to an on-condition maintenance strategy.
However, the available data suggest that there is a trend toward performing
routine overhauls of the air conditioning system equipments during ROB. The
evidence for such a trend comes from several observations: (1) the review
of referenced JCNs in the available SARPs frequently indicated that only
minor repairs were necessary to correct existing deficiencies; and (2) MCA
comments frequently discounted the need for class B overhaul of equipsments
authorized for overhaul. It appeared that the listing of a task in the
baseline SARP was becoming the sole justification for accomplishment of
the task.

There is no question that the air conditioning system equipment over-
hauls have resulted in very high man-day and dollar expenditures during ROH.
In the performance of class B overhaul-type work (not counting specific
class C repair work) the man-day expenditures for the air conditioning system
equipments ranged from 477 man-days to 4,989 man-days in the LPH-2 Class and
from 1,008 to 1,902 man-days in the LHA-I Class, with averages of 1,724 man- -

days for the LPH-2 Class and 1,455 man-days for the LHA-1 Class. With man- j
day costs in the order of $300 per day, overhaul costs of air conditioning
plants are averaging between $450,000 and $500,000 at ROH, again not count-
ing specific class C type repairs. Unfortunately, it is difficult to deter-
mine from the available data which (if any) equipments have been overhauled
at ROH without actually needing it. However, the available data suggest
that this has happended in many cases.

Ili
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ofDuring the review of the maintenance histories of the air conditioning,

~~heatingand ventilation system, it was found that ship's force is capable
of most repairs to system equipments, including major overhaul. However,
it is generally accepted that the A Division on these classes of ships is
pressed for manpower, and it is not the intent of this report to recomnd
the transfer of overhaul-type work, which appears to be becoming routine at
every ROH, from the shipyard to the ship's force/Ia level. Overhaul of
major equipments of the air conditioning systems, particularly the large-
capacity compressors and pumps, to class B standards should be accomplished
in an industrial environment. During ship visits, ship's force frequently
criticized the quality of equipment overhauls performed by shipyards, they
can help ensure high-quality overhaul by assigning personnel to maintain

- -close contact with the shipyard repair shops, keep track of repair progress
and repair quality, and closely observe post-overhaul performance tests.

In the development of the maintenance strategy for the air conditioning
equipments, the following factors must be considered:

Routine overhaul of a properly operating air conditioning plant
can lead to refrigerant-loop contamination and can expose the com-
pressor internal components to corrosion and subsequent accelerated

T wear.

The primary failure modes of the compressors and chilled water and
salt water circulating pumps (failure of shaft seals, bearings, and
wearing rings) occur infrequently, are within ship's force capabil-I ity to correct, and occur at an unpredictable rate that varies from
one equipment to the next.

Gaining access to equipments to remove them frequently involves
. significant plumbing work on freon, chilled water, and salt water

systems, and can introduce problems where none existed previously.

Many of the catastrophic equipment failures identified have been
* - attributed to operator error, poor maintenance, or outside causes

(e.g., motor shorted by leaking plumbing) -- events that are unre-
lated to the time of the most recent equipment overhaul.

-. • Man-day expenditures for routine overhauls are high. It has not
been demonstrated that overhaul results in improved equipment
reliability.

The need for repairs can usually be assessed prior to equipment
failure by inspections or performance monitoring.

In the light of these factors, it is recommended than an on-condition
maintenance strategy be adopted for the equipments of the air conditioning

Isystems. Essentially, this strategy is now being employed in the maintenance
of the heating and ventilation systems; that is, repairs are being made as
determined to be necessary on the basis of CSMP and material inspections,
including POT&I, MCA, and INSURV.
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If an on-condition maintenance strategy is eloyed, it is anticipated
that most repairs during an operating cycle will be accomplished by ship's
force with occasional assistance at the lIM and depot. It is also antici-L.
pated that over an extended period of time, an accumulation of repairs will
result in an eventual need for overhaul to class B standards to assure the
retention of tolerances between wearing parts. Consequently, for the pur-.
poses of overhaul planning, it is estimated that the motor-driven equipment
of the air conditioning systems, including the compressors and the chilled
water and salt water circulating pumps and their drivers, will require over-
haul at 10-year intervals. In effect, the recommendation is to extend the
overhaul cycle of these equipments from 5 years to 10 years. There is
little risk in doubling the time between overhauls, for several reasons.Only in the most extreme operating conditions does the loss of an air oondi- .

tioning plant (or chilled water pump) adversely affect cooling requirements.
Even then, the systems are cross-connected in such a way that the loss of
one or more plants results in a system realignment so that air conditioning
is still provided to vital spaces. Salt water circulating pumps are backed
up by connections to the ship's firemain. Consequently, as observed in the
limited number of CASREPs on air conditioning system equipments, failures
rarely have an immediate impact on total ship air conditioning requirements.

The following actions are recommended as a result of this analysis:

Include engineered tasks in the LPH-2 and LHA-l Class CMPS for a
depot facility to accomplish class B overhaul of the air condition-
ing compressor and the chilled water and salt water circulating
pumps, and their drivers and controllers, every 10 years. It is
recommended that pumps and their drivers and controllers be over-
hauled as a unit and that a post-overhaul shore-based demonstration
test be conducted on the units before they are reinstalled. The
following man-hour estimates, based on typical SARP estimates, are
provided for these tasks:

• Compressor - 75 man-days

. Compressor motor - 20 man-days

SChilled water pumps (including motors) - 45 man-days

*. Salt water pumps (including motors) - 45 man-days

In conjunction with overhaul of the compressors, it is recommended
that the shipyard clean and flush, pressure-test, correct any
defects in, and recharge the refrigerant side of the system and
conduct an operational test of the air conditioning plant. An eati-
mated 100 man-days per plant should be reserved for this task at
the 10-year point.
The analysis revealed that a large proportion of the condensers are

being routinely overhauled at ROK even though there are very few
MDS data entries for condenser repairs. Some of the applicable PHS
requirements to clean and inspect the condenser schedule the inspec-
tion at 36 months or as a conditional requirement based on the ll
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monitoring of condenser efficiency. Other PMS requirements make
- the inspection a situational requirement only, based on the effi-
j ciency monitoring. It is recommended that this task be accomplished

on all condensers every 36 months and that 100 IMA man-hovrs be
reserved for acid cleaning or replacement of leaking tubes that in-
spection may show to be necessary. The man-hour estimate is based
on typical MDS data entries for similar tasks.

In maintaining the air conditioning, heating, and ventilation sys-
tems according to an on-condition maintenance strategy, man-hours
should be reserved for class C repairs to equipments (including
valves, plumbing, and ventilation ducting) at depot-level ROH. For
this purpose, a man-hour estimate was computed from available SARP
data. Since there was no apparent correlation between man-day
expenditures and ship class, the estimates apply to both the LPH-2
and LHA-I Classes. The estimates, by SWAB, are as follows:

SWAB No. Title Man-Day Estimate

511-1 Compartment Heating 60

512-1 Ventilation System, Nonmachinery 300
Propulsion Spaces

513-1 Ventilation System, Machinery 150
Space

514-1 Water, Chilled, Cooling, 110
Distribution

514-2 Air Conditioning Plants 400

I
I
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CHAPTER FOUR

CONCLUSIONS AND RECOMMENDATIONS

4.1 CONCLUSIONS

The following conclusions resulted from this analysis:

. Review of part replacement rates, historical man-hour burdens, and
CASREPs indicates that the air conditioning system equipments,
including compressors and pumps and their associated drivers, are
reliable equipments.

0 Given adequate time and replacement parts, ship's force is capable
of most air conditioning system repairs, including major overhaul.

* Wearout of system components, including compressors and pumps and
their associated drivers, is primarily a function of ship opera-
tions and the care with which the system is maintained. Conse-
quently, equipment wearout varies from ship to ship, and even
between installations within the same ship, and therefore cannot
be accurately predicted.

0 Catastrophic failure of an air conditioning plant does not normally
result in degraded air conditioning output, since in most operating
environments not all of the air conditioning plants are required
to be on line to meet full cooling requirements.

0 The most frequent failure modes associated with the motors of the
compressors and chilled water and salt water circulating pumps
were bearing failure and stator winding failure. Bearing replace-
ment is within ship's force capability, while repair of failed
stator windings for motors larger than about 25 horsepower fre-
quently requires IMA assistance in rewinding, dipping, and baking
the motors. Both failure modes can usually be prevented by moni-
toring noise and vibration levels and by performing P14S checks.

. Routine overhaul of properly operating equipment is not recommended,
since it has been demonstrated that overhaul is no guarantee against
subsequent failure.

a The current maintenance strategy for the air conditioning system
equipments is to perform PMS and routinely overhaul at the time of
ship ROH.
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* Most depot-level repair work associated with the heating and venti-
lation systems is similar to the work normally performed by ship's
force and IMAs and consists of general system repairs to many dif-
ferent equipments throughout the system: repairs to heaters,
preheaters, and reheaters; replacement of corroded or broken vent
screens; repairs to various ventilation motors; and repair or
replacement of ducting and lagging.

* Current maintenance strategy for the heating and ventilation system
equipments is one of on-condition maintenance, whereby repairs
needed during the operating cycle are made by ship's force, with
occasional IMA assistance, and CSMP and POT&I deficiencies are
corrected during ROH by ship's force, with IMA and shipyard assis-
tance as necessary.

4.2 RECOMMENDATIONS

Recommendations for scheduled corrective and restorative maintenance
actions that are to be accomplished by depots or IMAs are summarized in
Table 4-1. These recommended maintenance requirements should be incorpora-
ted in the LHA-l Class and LPH-2 Class CMPs. The types of maintenance tasks
are as follows:

" E Tasks - Engineered work items that should be carefully considered
for accomplishment at the proposed frequency to enable the ship to
fulfill its mission. The tasks result from either a long history
of experience in system operation or a System Engineering Analysis.
The E tasks are generally limited to the ship's critical systems.

" R Tasks - Routine work items accomplished whenever the opportunity
is presented (such as drydock work) or for repetitive efforts to
support industrial work such as staging, temporary services, and
technical support.

" M Tasks - Mandatory work items accomplished to comply with NAVSEA
and Type Commander instructions.

" I Tasks - Inspections performed to comply with NAVSEA or Type
Commander instructions.

" T Tasks - Tests or inspections performed during one maintenance
availability in order to define maintenance requirements for a
subsequent availability. T tasks may also include certain tests
and inspections to be performed during the operational period
before the beginning of a scheduled maintenance availability.

" Q Tasks - Qualified estimates. These consist of all maintenance
actions to be performed on condition; they represent a reservation
for manpower and are generally related to the accomplishment of
corrective maintenance.

4-2 [
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Other improvements to the air conditioning, heating, and ventilation
system equipments are categorized as follows:

. Design Improvements

Recommended shipalts, ordalts, and field changes

Recommended equipment redesign or replacement

0 Maintenance Strategy Improvements

6 PMS changes

• Policy

. Support Improvements

ILS improvements

* Maintenance-capability improvements

* Other

These recommended improvements are summarized in Table 4-2.

Table 4-2. RECOMMENDED IMPROVEMENTS

Component No. Recommendation Reference
- -1 1 Section

Maintenance Strategy Improvements

Air Conditioning 1 Maintain all equipments with an on- 3.3
System condition maintenance strategy.

Anticipate need for class B over-
haul of major equipments (compres-
sors, pumps, and drivers) at 120
months.

Condenser Adopt 36-month inspection of the 3.3
sea water side of the condenser
for all plants.

Support Improvements

Compressors 2 Ensure that on-board allowances of 3.2.1.2
compressor internal components are
met.

4-
I
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APPENDIX A

SYSTEM BOUNDARIES FOR AIR CONDITIONING,
HEATING, AND VENTILATION SYSTEMS

INSTALLED ON LPH-2 AND LHA-l CLASS SHIPS

This appendix comprises portions of the SWAB description pages excerpted
from a copy of Ship Work Authorization Boundaries for Surface Ships, NAVSEA
0909-LP-098-6100, dated March 1981. It defines the boundaries of the air
conditioning, heating, and ventilation system and was used as a primary
reference source in establishing the system boundaries for this analysis.

The major components subjected to analysis in this report are listed
below within their respective SWAB groups:

SWAB 511-1:

SWLIN 51111 Title: Heating System

Includes authorized work for:

Piping, valves, traps, thermo controls, heater units in all compartmnts of
ship.

Associated Equipment:

Controllers Regulators
Convection heaters Solenoid valves
Foundations Steam traps and strainer (comb)
Hangers Switches
Motorized valves Thermostats
Piping Unit heaters
Radiant heaters

SWAB 512-1:

SWLIN 51211 Title: Ventilation System, Nonmachinery Propulsion System

Includes authorized work for:

Ventilation systems serving outside of machinery propulsion spaces, to
include sick bay and isolation wards. Provides for surveys, repairs, and
balancing as authorized by customer.

A-1



Associated Equipment:

Controllers Insulation
Cooling coils Magnehelic gauges
Dehuidifiers Motors
Dehydrators Operating gear
Ducts and Fittings Plenums
Fans Shutters
Filters Switches
Flame arrestors Vent heaters
Grease interceptors Vent valves
Hangers

SWAB 513-1

SWLIN 51311 Title: Ventilation System, Machinery Space

Includes authorized work for:

Ventilation system in machinery spaces. Provides for surveys, repairs, and

balancing as authorized by customer.

Associated Equipment:

Cooling coils Foundations
Controllers Heaters
Dampers Insulation on ducts
Drain piping Motors
Ducts and fittings Operating gear
Fans Switches
Filters Valves

SWAB 514-1

SWLIN 51411 Title: Water, Chilled, Cooling Distribution

Includes authorized work for:

Ship's chilled water piping systems, valves, circulating pumps.

Associated Equipment:

Controllers Pumps
Expansion tank Pressure gauges
Filter Solenoids
Flow gauges Strainer
Foundations Temperature regulators
Insulated hangers Unit coolers
Operating gear Valves

A-2



SWAB 514-2

SWLIN 51421 Title: Chilled Water Air Conditioning Plants

Includes authorized work for:

Unitary refrigeration for ship air conditioning system cooling. The cycle
from coolant liquid receiver to expansion cycle to heat evaporation cycle
to compression cycle to condenser cycle. Provides for removal, repairs,
installation, and testing.

A/C Plant Unitary Types:

R-12 Chilled water
R-22 Direct expansion
R-114 Chilled water
Lithium bromide absorption type
Steam jet - vacuum - chilled water

Air-cycle type

Associated Equipment:

Chillers Meters, flow rate
Compressors Reducers
Condenser Salt water cooling piping
Controllers Salt water pumps
Dehydrators Solenoids
Fans Strainers
Filters Switches
Foundations Traps
Freon piping Water regulating valves
Gauges Valves
Motors

SWAB 514-3

SWLIN 51431 Title: Air Conditioning Units, Self-Contained

Includes authorized work for:

Mechanical cooling self-contained air conditioners.

j. Associated Equipment:

Compressors Motors
Ducts associated with Resilient mountsI I:

self-contained A/C unit Salt water cooling
Fans Solenoids
Foundations Switches
Gauges Thermometers
Heat exchangers Valves

A-3
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APPRNPrX B

INSTALLATION CONFIGURATION OF AIR CONDITIONING
SYSTEM EQUIPMENTS FOR LPH-2

AND LHA-I CLASS SHIPS

The air conditioning systems discussed in this report are composed
principally of the components listed in Tables B-I, B-2, and B-3. The
table provides detailed information regarding the individual component
nomenclature, APL number, hull applicability, and number of components
installed on each hull. In some instances it appears from the table that
particular key components are not installed on some of the ships. In
those instances, one of the following conditions exists:

. The component has no separate APL.

. The component is not listed in the applicable type commander's
COSAL and no data were reported in MDS or CASREP data for the
component.

B-1

1 i_ _ _ _



rL% aD% D%

C4C f14NC

C4m Ai N -1 0 M..4 4 0. N 0

N .4 .4.40499sas

8. _ _ _ _ _4N.

in _ _ _ _ _ _ __f" i moo

en 0 0 .4 m 0 0 r41 f n 0.4 inin on f

O.4 40 9 a .. 4 .0

inN Mn

z

ev

4 0 0 10

ma a

0 PrC'4 C4 f M"3IQ .r
.P4 ad



-4

H~~M MMMOO MM M

-.4 1 * o 44 Am00 4 ' . t

.0o- I v -q 0 k n0 IN V oto4 g M 1Mf 1'4'4 OD c r% nr 40

-4 0q

O Ov ~ - O 0040- O

-4j

44 1 a 'Q

4 1 .0

~~in N4- N N

tp4 Imt " ' '

$44.4 m 043~ a
0 0 .5 m

*U-.4J4

9-4 1



Ir4

1.1
.r4 r4 MMMrg M

.4 _______m

N

45 u .4.4-I r- m0 M 4 44 S C4 '0 P"C4
00OV0000 O0It- CO 0040
0 0 C' 4 r 00 0ROmO(r. 'n 000%

M0 en fn o 0 - MMOO 4 en Oe

4j 4

000

e4 NM .4.In
.4 4 n 4-.4 of

41 qJr~hn .4. , Cm4.

a~ a -4. rq

4r
8-LIJ M___



41 4i

-4- _ _ 4 w0 r Dr

0- - - -C 00% -
r4C -0kni 4C M04%i

4-I 0 II 0R0v4i

woAo 4 in 01441 1.

4114114

41 ~ ~ MgO~N w.4D

-4(1InO~fl on .0N~OMf

64 r4 4 W r14 0

m00.4.o 40.-4-

41

N a 0

4 C3

~I 4.1(B-6



S0 % In %8a

m P4 r4 -4 4 ' 00 C4 N I
w- 0 1- A .r 1 414DI

. . . . . .

00000 0000

r- ~ ~ ~ ~ 4 4.r .I-Vr - ,Lo

N4 C4 C4 r 0i MM

mm

mil
00c)OOusOre

5 00H '~00al9-7



LnL

M

-4

-4 CA _ _ K.mq l t -0
'I qv4 -4 -nH 4 N fn inC -

en) en r4 V ,

5.4 -4r4 v- vvqvV4 n0 0NC

r42I 4 P4r4r - rM04 r or4' -I r%'. tIO

0 000 4 P000

*t in~OO 0~t- 6 (4IVl M 'M
inALL r-A- ewe i nini

* .- 4.4 mmm
'-t

0000000

MLAP.I)L-0 Ifl V~f

0u~ 0 1 gi



.44

-44 
4J

1. 0

I.-
UN 14 M ~ .

L.EA N4

43 % qr

fn

OOrqo -o o .Eo in in (-a 

0000 0000000000 mnCQ 4 41

E4E-4 ~ E4 E 4 4

00 000
0O0000u00O000000

.l ...... . -H 3 I

S.m (n. C4 C
04 OOoOad at O 00

babnb5

____ =v lf f v !%Dw0 4 o
LMfnfnInLn&n qvfn9

%



N L

N r44 IV

CN qw IV V

14 _____ qw V qw__________

- OD N % M 0 - M4 Hr-f- 0%tn i f- 4 i
r4 14 HN MW N0104O O -f1 ni 0VV vq nt n e

00000

0H H 'D C4C4 ;e0 '"- 0 C-

o r% in mn

j4 n M H AMMM Itn

0~ ~ ~ at atul94 V4V (

3-10



APNDIX C

SHIPALT SUMMARIES.
A SS/A LPH-255 AND S/A LPH-585

1.
This appendix summarizes shipalts that have an impact on the reliability

and maintainability of the air conditioning systems installed on LPH-2 Class
ships.

I.

1.

E
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Shipalt LPH-0255K, revision 1

Upgrade air conditioning systems, which includes the followings

* Replace air conditioning units as follows:

LPH-2 and -3, 150-ton units for 63-ton unit zones 1 and 2.

LPH-7, 150-ton unit for 70-ton unit zones 1 and 2.

LPH-9, 150-ton unit for 80-ton unit zones 1 and 2

• Install a new chilled water system main, with isolation valves,
between foremost and aftermost air conditioning plant.

• Replace existing circulating pumps in zones I and 2 with 540-gallon-
per-minute pumps and add one of the removed pumps in zone 3.

0 Increase chilled water flow to cooling coils to produce a space
design condition of 80 degrees farenheit.

Install air conditioning in the following spaces:

06-63-1C 02-131-l-Q 3-17-0-L
06-67-IC 01-37 3-15-0-L
06-71-iC 01-39-2-Q 3-162-2-L
03-59-1C 01-36-l-Q 3-19-1-E
03-6 7 -l-Q 01-55-I-Q 3-115-1-E

02-7-2-Q 01-59-I-Q 3-129-1-L
02-55-3-Q 1-3-2-A E-129-3-L
02-63-5-C 1-6 4 -l-Q 4-46-0-A
02-6 7-5-Q 2-9-l-Q 4-46-1-A
02-99-5-C 2-11--Q 4-63-l-Q
02-115-8-C 2-63-6-Q 4-100-l-Q
02-131- 2 -Q 02 -71-2-Q 4-96-1-A

The following work is accomplished by this shipalt in other systems:

System Work Description

185 Provide foundations for air conditioning
units and pumps.

321 Provide power as required.

Shipalt LPH-0585K

Upgrade air conditioning system to provide the capability for extended
operations in the tropics, which includes the following:

• Install one 150-ton centrifugal air conditioning plant in storeroom
3-85-8.

C-2
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Provide six-inch cooling water cross-connecting piping between
exitsting an d now unit with a six-inch supply and return main an

.the second deck between frames 55 and 114. Provide isolation
valves to divide mains into zones.

j *Air condition the following spaces:

Radar rooms Carpenter shop
UHF radio rooms Electric service shop
Flight deck and

lighting control I.C. shop
Announcing amplifier

room Butcher shop
Crypto repair shop Vegetable preparation

room
Radar switchboard Prison cells and
room vestibule

Radio transmitter Switchgear rooms
rooms

GFCS Mk 70 control Main issue room
rooms

BPDSMS control rooms Aviation issue room
Conflagration station Troop armory
Hobby shop Ships armory
Fire control shop Technical library
Ordnance shop Repair parts issue
Teletypewriter shop Financial office

The following work is accomplished by this shipalt in other systems:

System Work Description

167 Install watertight hatch on 3rd deck,
frames 17-18 port.

185 Install foundations for new equipment.

321 Provide power to air conditioning unit,
recirculating systems, and circulating
pUmp.

331 Provide lighting supplies for cooling
coils, heaters, unit coolers, and fans.

432 Install a dial telephone in air
524 conditioning machinery room.

524 Install a salt water circulating pump
and piping for air conditioning unit.

1 621 Replace expanded metal bulkheads with
metal joiner bulkheads in airI- conditioned spaces.

C-3
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APPENDIX D

MDS PARTS USAGE DATA SUMMARY

This appendix presents parts usage data for all parts of the air
conditioning systems, including the air conditioning plants (Table D-l),
the chilled water circulating pumps (Table D-2), and the salt water cir-
culating pumps (Table D-3) that were ordered on more than one JCN.

The demand frequer-y is computed by dividing the total equipment
operating years by the .iumber of JCNs; it represents the average operating
years between requests for a given part.

D-l
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APPENDXX 5

CORROSION-CONTROL TECHNIQUES

Table E-1 presents the recommended work (SARP) statements for applying
NAVSA-approved corrosion-control techniques. Table E-2 presents specific
guidance items for applying the corrosion-control techniques to comon
components within the heating, ventilation, and air conditioning systemS.
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I Table B-2. CORROSION-CONTROL 
GUIDANCE ITEMS

Number Equipment Guidance

1 Machinery Foundations When a new foundation or bedplate is L.
and Bedplates installed or a bedplate is removed

as part of machinery overhaul, or a
foundation is located topside,
abrasive-blast the foundation and
mating structure surface to white
metal (SSPC-SP5), and then apply
7-10 mils of WSA low-temperature L
sealer (MIL-P-23377) and two-coat
polyamide epoxy (IL-P-24441)
system. For machinery foundations
and bedplates located in machinery
spaces and subjected to temperatures
above 1750F, use WSA with high-
temperature sealer (DOD-P-24555).
Use fasteners treated with ceramic
coatings or use improved fasteners.

2 Piping and Hangers In areas exposed to the weather and
in machinery spaces (where piping
is replaced) abrasive-blast ferrous
piping and pipe hangers/brackets to
white metal (SSPC-SP5) and apply
7-10 mils of WSA, low- or high-
temperature sealer (depending on
operating temperature), and poly-
amide epoxy coating (MIL-P-24441).
If piping is not replaced, apply
three-coat polyamide epoxy system
(MIL-P-24441). Treat fasteners
with ceramic coating (MIL-C-81751)
or use CRES fasteners.

3 Valves Abrasive-blast valve exterior to
white metal (SSPC-SP5) and apply
7-10 mils of WSA, low- or high- i
temperature sealer (depending on

operating temperature of fluid or
if steam valve), and polyamide epoxy i
coating (NIL-P-24441). Technical
Manual NAVSEA S6435-AE-4A-O1I0/W,
Sprayed CTT, External Preservation
of Steam Valves Using Wire Sprayed P
Aluminum Coatings, provides detailed
guidance. Upgrade/treat fasteners
with ceramic coating (MIL-C-81751) or [I
replace with CRES fasteners and apply
polysulfide sealant (IL-S-81733).
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APPENDIX F

1. SOURCES OF INFORMATION

The specific sources of information used in this analysis are as
follows:

1. Generation IV MDS narrative and part data for the LA-I and LPH-2
Class ships for the periods 1 May 1976 through 30 June 1981, and
1 January 1971 through 31 March 1981, respectively.

2. CASREPs for the same ships for the periods 1 January 1976 through
22 April 1981 and 1 January 1978 through 22 April 1981, respectively.

3. Maintenance index pages (MIPs) and corresponding maintenance require-
ment cards (MRCs) for the air conditioning, heating, and ventilation
systems (various).

4. NAVSHIP Technical Manuals (various as applicable to LPH-2 and LHA-l
Class air conditioning plants).

5. Ship Alteration and Repair Packages (SARPs):

. LPH-2, dated 6/8/82

* LPH-3, dated 3/11/82

* LPH-7, dated 10/31/80

* LPH-9, dated 8/18/80

* LPH-I0, dated 1/9/81

* LPH-l1, dated 10/23/81

0 LPH-12, dated 5/15/81

* LHA-I, dated FY 78 RAV

* LHA-2, dated 6/1 3/83 (COH)

* LHA-1, dated FY 81 (COH)

* LHA-3, dated 1/15/82 SRA

* LHA-2, dated 7/3/81 SRA

F-i
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6. Ship Alteration Information Manuals for LHA-1 and LPH-2 Class Ships. L
7. CO NMVSURFLANT and CONNAVSURFPAC Type Commander's Coordinated Ship-

board Allowance Lists (COSALs), dated July 1981 and June 1981,
respectively. L

8. CONNAVSURFLANTINST 9000.1, NAVSURFLANT Maintenance Manual, 12 June
1975, through change 5 dated 27 February 1978. L

9. COMNAVSURFPACINST 4700.1, COZNAVSURFPAC Ship and Craft Material

Maintenance Manual, Volume I, 6 June 1975. L
10. OPNAVINST 4790.4, Material Maintenance Management (3-N) Manual,

Volumes I, II, and III, June 1973.

11. FF-1052 Class Chilled Water Air Conditioning System Review of [
Experience, SMA 206-514, March 1977, ARINC Research Publication
1646-03-7-1590.

12. CG-16 and CG-26 Class Auxiliary Systems Review of Experience, SMA V
1626-500, September 1979, ARINC Research Publication 1671-04-2-2051.

13. Common Class Configuration Lists (CCCL) for LHA-l and LPH-2. [
14. Ship Work Authorization Boundaries (SWABs) for Surface Ships,

March 1981. [
15. Class Maintenance Plans (CMPs) for FF-1052, DDG-37, CG-16, CG-26,

and LHA-l Class ships.

16. Repair Profile for LPH-2 Class ships.

17. Results of ARINC Research Corporation visits to LPH-7 (USS
GUADALCANAL) and LPH-12 (USS INCHON) on 20-21 April 1982.

18. Results of ARINC Research Corporation visit to LHA-2 (USS SAIPAN)
on 4 June 1982.

19. Ship Information Books (SIBs) applicable to LPH-2 and LHA-l Class
ships.[
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